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ABSTRACT

Context. Recent space-based photometry, particularly from the TESS mission, has transformed the asteroseismological study of
pulsating white dwarfs (WDs). In particular, it has opened new possibilities for probing the internal structure of low-mass (LM)
helium (He)-core WDs.

Aims. We present a detailed asteroseismological analysis of six pulsating LM WD stars, including new and updated TESS photometry
analyzed homogeneously.

Methods. We processed short- and ultra-short-cadence TESS observations of TIC 290904838 (J1112), TIC 156064657,
TIC 33717565, TIC 344130696, TIC 72637474, and TIC 188087204, and analyzed the resulting pulsation spectra. We then car-
ried out a detailed asteroseismological analysis using fully evolutionary models of LM He-core WDs that allow for varying hydrogen
(H)-envelope thicknesses. We also estimated spectroscopic/photometric stellar masses when atmospheric parameters are available.
Results. We report first TESS-based frequencies for J1112 and provide revised or expanded frequency solutions for the remaining
targets. The asteroseismological analysis yields relatively well-constrained solutions for three stars, a representative but more tentative
solution for one target, and constrained ranges for the remaining two. The inferred solutions span a broad range of H-envelope
thicknesses, although some of the asteroseismological inferences remain tentative because of the limited number of observed periods
available for the analysis. For most objects, the derived spectroscopic/photometric stellar masses are broadly compatible with the
asteroseismological values.

Conclusions. This is the first homogeneous TESS-based asteroseismological study of a small sample of pulsating LM WDs. Our
results suggest that LM WDs can harbor H envelopes with a range of thicknesses, from canonical (thick) to very thin, as in average-
mass H-rich pulsating WDs. They also provide a useful reference point for future studies of larger samples, which will hopefully

benefit from richer mode sets and improved mode identification.
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1. Introduction

White dwarf (WD) stars represent the ultimate fate for the vast
majority of stars in the Universe, including our Sun (Winget &
Kepler 2008; Fontaine & Brassard 2008; Althaus et al. 2010;
Saumon et al. 2022). These remnants are the expected outcomes
for progenitor stars with masses smaller than 8 — 10.5 M, de-
pending on the initial metallicity (e.g., Doherty et al. 2014).
Among their many properties, the stellar mass of WDs plays a
vital role in astrophysical research, since it constrains the initial-
to-final mass relation and is a key ingredient in deriving the WD
luminosity function (see e.g., Bedin et al. 2015; Garcia-Berro &
Oswalt 2016; Kilic et al. 2017; El-Badry et al. 2018; Cummings
et al. 2019). Most WDs have hydrogen (H)-rich atmospheres,
and are therefore classified as DA WDs, with an average mass
of about 0.6 My and likely carbon-oxygen (CO) cores (Kepler
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et al. 2016; Tremblay et al. 2016). At the higher end of the mass
distribution (> 1.05 M), ultra-massive WDs may instead harbor
CO or oxygen-neon (ONe) cores (see e.g., Althaus et al. 2021;
Camisassa et al. 2021, 2022; Schwab 2021; Jewett et al. 2025).
Conversely, at the low-mass end, helium (He)-core WD stars are
characterized by M, < 0.45 M, and are often referred to as low-
mass (LM) WDs! (Althaus et al. 2010).

The formation of LM WDs typically results from binary evo-
lution, occurring through stable mass transfer via Roche-lobe
overflow in close binary systems or via unstable mass loss dur-
ing common-envelope phases (Althaus et al. 2013, 2025; Istrate
et al. 2016; Sun & Arras 2018; Li et al. 2019). In both chan-
nels, the envelope of the red-giant progenitor is removed be-

! Note that LM WDs with masses higher than ~ 0.33 My may also
harbor CO cores (see e.g., Han et al. 2000; Prada Moroni & Straniero
2009).

Article number, page 1 of 13



A&A proofs: manuscript no. output

fore the He flash, so He ignition is avoided and the remnant
retains a He core (Althaus et al. 2013; Istrate et al. 2016). Bi-
nary evolution is required to explain the lowest-mass systems
(M, <0.3 M), since the Universe is not old enough to produce
such WDs through single-star evolution. This is particularly true
for extremely low-mass (ELM) WDs, often defined as those with
M, < 0.18 — 0.20 My. While some authors adopt ~ 0.3 M
as the upper mass limit for ELM WDs (see e.g., Brown et al.
2016), here we follow Corsico & Althaus (2014a) (see also Cor-
sico et al. 2019) and define an ELM WD as one whose progen-
itor did not undergo H-shell flashes. This criterion (which de-
pends on metallicity; see e.g., Serenelli et al. 2002; Istrate et al.
2016), is physically motivated and crucial because the presence
or absence of H flashes affects the evolutionary timescales and
pulsational properties.

Studying the evolution of LM and ELM WDs is pivotal not
only for constraining binary interactions but also for investigat-
ing their broader impact across various astrophysical contexts.
In compact binary systems, LM WDs are expected to play a key
role as sources of electromagnetic and gravitational waves, espe-
cially for space-based detectors such as the upcoming Laser In-
terferometer Space Antenna (LISA Amaro-Seoane et al. 2017).
Some of these binaries may also represent potential progenitors
of Type Ia supernovae (Webbink 1984; Iben & Tutukov 1984;
Bildsten et al. 2007).

The number of LM and ELM WDs has steadily increased
thanks to large spectroscopic efforts, particularly the ELM Sur-
vey, a spectroscopic program designed to identify LM WD bina-
ries using photometry from large sky surveys (Brown et al. 2010,
2012, 2013, 2016, 2020, 2022; Kilic et al. 2011, 2012; Gianninas
et al. 2015). Kosakowski et al. (2020) extended the ELM Survey
to the southern sky and demonstrated that a Gaia-based approach
is effective in detecting ELM WD binaries (see also Kosakowski
et al. 2023).

Multi-periodic brightness variations likely produced by
global stellar pulsations have been detected in several LM
and ELM WDs, defining the class of variable WDs known as
ELMYVs. To date, more than 20 candidates have been reported
(Hermes et al. 2012, 2013b,a; Kilic et al. 2015; Bell et al. 2017,
2018; Pelisoli et al. 2018; Parsons et al. 2020; Lopez et al. 2021;
Guidry et al. 2021; Romero et al. 2022; Kosakowski et al. 2023;
Bischoff-Kim 2023; Antunes Amaral et al. 2024). The advent of
space photometry, and in particular observations from the Tran-
siting Exoplanet Survey Satellite (TESS; Ricker et al. 2015),
has expanded the sample of ELMVs and provided new obser-
vations of previously known ones (Lopez et al. 2021; Romero
et al. 2022, 2025; Bognar & Sédor 2024). Photometric variations
have also been detected in stars considered to be probable pre-
cursors of LM WDs (the pre-ELMV variable stars; e.g., Maxted
et al. 2013, 2014; Gianninas et al. 2016; Wang et al. 2020, 2022;
Lee et al. 2022). The existence of ELMVs and pre-ELMVs pro-
vides us with a unique opportunity to probe the interiors of these
stars and test their formation scenarios through asteroseismol-
ogy (Winget & Kepler 2008; Althaus et al. 2010; Cdrsico et al.
2019; Bell 2026).

The brightness variations observed in ELMVs are consistent
with gravity (g) modes, likely driven by a combination of the
k —7v (Unno et al. 1989) and convective driving (Brickhill 1991)
mechanisms, both occurring in the partial ionization region of H
(Steinfadt et al. 2010; Cérsico et al. 2012; Van Grootel et al.
2013; Corsico & Althaus 2016). Detailed nonadiabatic pulsa-
tion computations predict that short-period g modes can also be
destabilized by the € mechanism due to stable H burning, par-
ticularly for models with M, < 0.18 M on their final cool-
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ing tracks (Cdrsico & Althaus 2014b), or before the onset of the
CNO flashes, on their early WD cooling branches, in LM WDs
with M, > 0.18 M., (Calcaferro et al. 2021).

Asteroseismology of WDs provides stellar parameters by
matching observed pulsation periods with theoretical periods
from stellar models (e.g., Bell 2026). Fully evolutionary mod-
els, evolved self-consistently from the zero-age main sequence
(ZAMS), provide a robust framework for this purpose and have
been extensively applied by the La Plata Group® to several
classes of pulsating WDs (see e.g., Cérsico et al. 2007a,b, 2008,
2012; Romero et al. 2012; Calcaferro et al. 2017, 2018b, 2024b;
Uzundag et al. 2022, 2023). This approach allows the chemical
structure and internal stratification to be determined in a fully
consistent way. Alternative approaches employ static paramet-
ric WD structures (e.g., Giammichele et al. 2018) or param-
eterized evolutionary models (e.g., Bischoff-Kim et al. 2019).
For ELM Vs, fully evolutionary models tailored to LM and ELM
WDs have been successfully used to probe their internal struc-
ture and evolutionary status (Calcaferro et al. 2017, 2018b; Kilic
et al. 2018). Other asteroseismological analyses have also been
conducted for individual pulsating LM WDs employing the men-
tioned alternative approaches (see e.g., Su & Li 2023; Bischoff-
Kim 2023).

Most evolutionary calculations of LM and ELM WDs are
based on progenitor stars that experienced stable mass transfer
(Althaus et al. 2013; Istrate et al. 2016), which produce stellar
models with thick (canonical) H envelopes that sustain residual
stable H burning and thus have extremely long cooling times
even at high effective temperatures (Althaus et al. 2013). How-
ever, stars with thin H envelopes — unable to sustain residual
H burning — are also plausible, as observations suggest (see
e.g., Strickler et al. 2009; Irrgang et al. 2021), and would cool
to much lower temperatures than their thick-envelope counter-
parts (e.g. 2500 K vs. 7000 K; Calcaferro et al. 2018a). Moti-
vated by this diversity, Calcaferro et al. (2018b) explored a range
of H-envelope masses (My) and showed, through asteroseis-
mology, that some ELMVs are better reproduced with thinner-
than-canonical H envelopes. Notably, reducing My increases
log g for a given M,, thereby biasing mass estimates derived
from (T.g,log g) if the possible range of envelope thicknesses
is not taken into account (Calcaferro et al. 2018a; Althaus et al.
2025). Hence, stellar masses should be inferred using evolution-
ary tracks that sample the relevant range of My to avoid system-
atic offsets (see Calcaferro et al. 2024a).

In this work, we present an updated and homogeneous anal-
ysis of TESS photometry and asteroseismology for six ELMV
stars: TIC 290904838 (J1112), TIC 156064657, TIC 33717565,
TIC 344130696, TIC 72637474, and TIC 188087204. For J1112,
we report TESS-based pulsation frequencies for the first time.
For the remaining targets, we present new and/or reprocessed
TESS short- and ultra-short-cadence observations, and we de-
rive updated frequency solutions for all of them. We then con-
duct a detailed asteroseismological analysis to constrain the stel-
lar structure and fundamental parameters, in particular, the stel-
lar mass and, importantly, the H-envelope mass, since astero-
seismology remains the only method capable of estimating this
quantity. To this end, we employ our grid of fully evolutionary
models of LM He-core WDs that consistently allow for varia-
tions in the three relevant parameters at play (T, My, and My;
see Calcaferro et al. 2018a,b). Guided by the H-envelope mass
suggested by asteroseismology, we subsequently derive spectro-

2 http://evolgroup.fcaglp.unlp.edu.ar/publications.
html
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scopic/photometric stellar mass estimates based on the atmo-
spheric parameters available for each star.

This work is organized as follows. In Section 2, we describe
the ELMYV sample and the data reduction and frequency analy-
sis based on TESS photometry. In Section 3, we carry out a de-
tailed asteroseismological analysis of the sample to constrain the
stellar mass and H-envelope mass. In Section 4, we present the
spectroscopic/photometric mass estimates. Finally, in Section 5,
we summarize our main results and present our conclusions.

2. Target stars, TESS observations, and data
reduction

In this Section, we describe the TESS observations and data re-
duction for the six ELMV targets included in this study. One
of these objects is analyzed here for the first time using TESS
data, while in most cases, we incorporate additional Sectors
not previously considered in the literature. Some of these stars
have been analyzed in earlier works (Romero et al. 2022, 2025;
Bognar & Sédor 2024); however, we homogeneously reprocess
all available data and carry out an independent frequency extrac-
tion based on an extended dataset and a refined pre-whitening
approach.

Our choice of these six stars was guided by pragmatic
considerations: the availability of short- (120s) or ultra-short-
cadence (20s) TESS data covering at least one sector, the pres-
ence of more than one independent pulsation mode with S/N
above our adopted FAP threshold in preliminary frequency anal-
yses, and the availability of atmospheric parameters. These con-
ditions favor targets with relatively clean but non-trivial pul-
sation spectra, making them particularly suitable for this first
TESS-based asteroseismological study of ELMVs.

Table A.1 in Appendix A summarizes the properties of the
six ELMV targets analyzed in this work. For J1112 (the sec-
ond discovered ELMV; Hermes et al. 2013b), we adopt spectro-
scopic parameters with 3D corrections following Tremblay et al.
(2015). The remaining five targets were reported by Romero
et al. (2022); for these stars, we adopt Gaia-based atmospheric
parameters of Tt and log g from Gentile Fusillo et al. (2021).

We describe below the corresponding TESS observations,
data reduction, and target-by-target frequency analysis. We used
the signal prewhitening code Pyriod (Bell 2022) to detect and
characterize significant pulsation periods. We adopted the ampli-
tude thresholds recommended by Baran & Koen (2021), corre-
sponding to a 0.1% false-alarm probability (FAP). Any adopted
signals falling below this threshold are marked with an asterisk
and discussed in the text. For the reported amplitudes and signal-
to-noise ratios (S/N), we selected the highest value observed
across the sectors. For each object, we analyzed all available sec-
tors, prioritizing ultra-short-cadence data whenever it was avail-
able. All significant signals that we detect are below the Nyquist
frequency for the 120-s short cadence data, and the best-fit pa-
rameters are insensitive to the data set used. We combined mea-
surements of the same frequencies detected in multiple sectors
using inverse-variance weighting.

2.1. TIC 290904838 (J1112)

This star was first identified from high-speed photometric obser-
vations at the McDonald Observatory by Hermes et al. (2013b).
It exhibited seven pulsation periods spanning from 107 to 2856 s
(although the two shortest periods of 107 and 134 s, suggested

Table 1: Frequencies, periods, amplitudes, S/N, and FAP values
for TIC 290904838.

ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%]
fo o 530.622 +£0.020 1884.581 +0.071 52+1.0 586 7.4x107*
fi 442781 £0.021 2258.45+0.11 50+09 523 7.8x1072

Table 2: Same as Table 1, but for TIC 156064657

ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%]
fo  1227.509 +£0.029  814.658 +0.019 8.1+1.2 557 1.3x1072
h 705.197 £0.022  1418.043 + 0.044 134+1.2 979 < 1x107°
f 670.574 £ 0.024  1491.260 + 0.053 95+13 641 1.6x107
fi 645957 +0.049 1548.11 £ 0.12 6.1+1.2 4.47 3.44

by Hermes et al. to be possible pressure(p)-mode pulsations, still
require confirmation).

We present here the first analysis of TESS data for J1112.
This target was observed in three short-cadence (SC) sectors: 45,
46, and 72. No single sector shows a peak above the 0.1% FAP
threshold. However, when the light curves are stitched across
sectors, the signal-to-noise ratio improves, and two peaks ex-
ceed the threshold. The pulsation frequencies derived from our
analysis are listed in Table 1. Notably, two of the longest pe-
riods reported by Hermes et al. (2013b) are now confirmed by
the TESS observations. The amplitude spectrum for this target,
based on the stitched light curves of Sectors 45, 46, and 72, is
shown in Figure 1 (panel a).

2.2. TIC 156064657

TESS observed this star in Sector 29 (SC) and Sectors 69 and 96
(both SC and ultra-short cadence, USC). Following the cadence-
selection criterion described above, USC data were used when-
ever available. The pulsation frequencies derived from our anal-
ysis are listed in Table 2. Figure 1 (panel b) displays the peri-
odogram for Sector 69. We identified a signal in Sector 29 that
falls below the significance threshold but is likely a pulsation fre-
quency, labeled as f}. Accepting this signal would increase the
FAP to 3.44% (see Appendix B). In our model fitting, we con-
sider subsets of measured periods both including and excluding
5.

For comparison, Romero et al. (2022) analyzed only Sector
29 and reported two periodicities, which we recover (f; and f).
By incorporating additional sectors (and USC data), our analy-
sis yields a more complete pulsation set, adding two significant

signals (fy and f>).

2.3. TIC 33717565

This WD was observed with SC in 24 sectors (17 also have USC
data). Given the large number of light curves, we stitched the
data by observing year to reduce frequency uncertainties; the
comparatively small frequency errors for this target result from
this yearly stitching. For the stitched light curves, the 0.1% FAP
detection threshold follows the method described by Baran &
Koen (2021). The resulting frequencies are listed in Table 3. The
periodogram for Year 5 is presented in Figure | (panel c).

It is worth noting that Romero et al. (2025) (see also Romero
et al. 2022) carried out a frequency analysis for TIC 33717565
using the same sectors and reported a larger set of seven frequen-
cies; however, the corresponding periodogram is not shown. Our
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Fig. 1: Representative amplitude spectra for each target, selected from the TESS sector (or stitched sectors) that most clearly show
the pulsation signals. Significant frequencies detected in the displayed spectrum are marked with red diamonds. The dashed red line
represents the significance threshold. Yellow squares highlight frequencies that were detected in the comprehensive analysis but are

weak or not visible in this specific plot.

Table 3: Same as Table 1, but for TIC 33717565

ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%]

fo 2740323 £0.001 364.920 + 0.001 193+1.8 1353 < 1x107°
fi 1897.633 £0.001 526.972 + 0.001 11.2+1.2 9.13 <« 1x107°
£ 1796906 +0.004 556.512 +0.001 98+1.2 609 22x107

analysis confirms two of these signals (fy and f}) and identifies
one additional pulsation frequency (f>).
2.4. TIC 344130696

This WD was observed in Sectors 12, 13, 39, 66, 93, and 94. In
most sectors, both SC and USC data are available; we prioritized
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the USC when present. In Sector 93, the data in both cadences
are noisy, and no peak above the 0.1% FAP threshold was de-
tected. Two peaks detected in separate sectors appear to trace
the same mode (979.972 + 0.031 and 981.788 + 0.021 uHz); we
averaged them and report the result as f>. The complete list of
frequencies is provided in Table 4. A representative amplitude
spectrum from Sector 12 is plotted in Figure 1 (panel d).

Romero et al. (2022) presented a similar analysis, but lim-
ited to data from Sectors 12, 13, and 39. We recover their two
reported modes (f> and f3). With the expanded dataset, we iden-
tify two additional significant signals (fy and f;).
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Table 4: Same as Table 1, but for TIC 344130696

Table 6: Same as Table 1, but for TIC 188087204

ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%] ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%]
fo  1153.637 +£0.033  866.824 +0.025 5.83 £0.80 5.70 5.1x1073 fo 1996.577 +£0.023 500.857 + 0.006 9.5+1.3 6.42 1.5x 107
f 993.569 +0.038  1006.473 + 0.038 4.10+£0.70 5.26 2.1x1072 ff 1847.156 £ 0.055 541.373 £0.016 6.0+1.2 443  69x1073
A 981.217 £0.017  1019.143 £ 0.018 5.11 +£0.55 778 < 1x107° f; 1529.837 + 0.032  653.664 + 0.014 10.1+1.2 6.78 < 1x10°°
£ 945.612+0.018  1057.516 £0.020  5.69 +0.48 1003 < 1x107° £ 1520.877 £0.016 657.515 +0.007 152+ 1.6 811 < 1x107
fi 1512.081 £0.043  661.340 £ 0.019 127+ 1.6 521 29x1072
. fs  1346.797 £0.021 742.502 + 0.012 14+3 825 <« 1x10°
Table 5: Same as Table I, but for TIC 72637474 fr 1337.837£0.051 747.475+0.028 64+12 427 69x107

ID  Frequency [uHz] Period [s] Amplitude [ppt] S/N FAP [%]
fo 2135362 +0.017 468.305 + 0.004 3.14 £ 0.46 583 1.9x1073
fi 1283.145+0.011  779.335 + 0.007 49+14 9.14 < 1x107°
£ 1228.012+0.031  814.324 +0.021 4.15+0.56 6.13  1.7x10™
f5 1109.743 £0.028  901.110 + 0.023 4.54 +0.56 6.68 1.6x107°
fi 1034.186 £0.042  966.944 + 0.039 5.02+0.73 6.12 3.1x107
fi 938.952+£0.043  1065.017 +0.049 3.20 £ 0.54 4.71 0.857

2.5. TIC 72637474

TESS observed this object in Sector 3 (SC) and Sectors 30 and
97 (SC and USC). We detected five significant peaks above the
0.1% FAP threshold. We also identified a sixth, lower-amplitude
peak that falls below this threshold, which we regard as a plau-
sible candidate signal. Including this peak would require relax-
ing the FAP threshold to 0.857% (see Appendix B). The effect
of including this signal will be tested in our asteroseismologi-
cal model fitting. This signal is labeled f7 in Table 5. Figure 1
(panel e) shows the periodogram for Sector 30, highlighting the
significant frequencies.

For comparison, Romero et al. (2022) analyzed data from
Sectors 3 and 30 and reported only three periods, all of which we
recover (f2, f3, and f1). We also detect an additional signal, fj,
already visible in the Sector 30 data, although it was not reported
by Romero et al. (2022). With the expanded dataset, we identify
one further significant signal (f7), plus one low-amplitude can-
didate (f5).

2.6. TIC 188087204

This WD was observed in Sectors 63 and 90 (SC and USC) and
in Sector 36 (SC). We detected seven signals, which are listed in
Table 6. Five of them are significant peaks (fy, f2, f3, f4, and f5),
while two additional sub-threshold signals (f" and f¢') are de-
tected in Sectors 63 and 90 and stand out above the surrounding
noise in both datasets.

These two signals were not identified through a blind search:
each was first noticed in the sector where it has the higher ampli-
tude and then recovered at the same frequency in the other sec-
tor. We therefore assess their significance in this second, lower-
amplitude sector using a rank-based criterion. If n peaks ex-
ceed the amplitude of the candidate within the searched band,
the probability that noise produces a matching peak of at least
that rank is approximately P =~ 2n/N, where N is the cadence-
dependent number of independent frequency bins and the factor
of two accounts for the two-sided frequency-matching tolerance.
For both f" (1847 uHz) and f; (1337 uHz), four peaks exceed
the candidate in the relevant sector, giving P ~ 6.9 x 1073%
in each case, well below our nominal detection threshold. This
supports treating f; and f{ as plausible pulsation modes.

The pulsation spectrum for this star is illustrated in Fig-
ure 1 (panel f), using data from Sector 63. Three primary pul-
sation frequencies, f», f3, and f, exhibit a clear pattern of nearly
uniform spacing. Averaging the consecutive separations yields
Af = 8.878 £ 0.029 pHz. This structure can be naturally inter-

preted as a rotationally split triplet, with f5 as the central (m = 0)
component. An independent pair, f5 and f;, shows a consistent
spacing of 8.960 + 0.055 uHz, reinforcing the same pattern, and
thus, suggesting the possible presence of an additional, incom-
plete triplet. On this basis, we treat f; as a robust m = 0 candi-
date, while f5 and f are considered alternative m = 0 identifi-
cations for the putative second triplet.

Based on Sector 36 alone, Romero et al. (2022) reported five
pulsation frequencies all of which we recover (fo, f}', f3, fa, and
f5). Both that work and Bognar & Sédor (2024) noted evidence
of a possible triplet near 1521 yHz (which we identify as f, f3,
and fy). Our expanded multi-sector analysis not only confirms
that structure, but also reveals evidence for an additional incom-
plete pair of frequencies (f5 and f¢) with consistent spacing.

3. Asteroseismological modeling

The pulsational analysis in this work is based on a set of stel-
lar models computed with the LPCODE evolution code (Althaus
et al. 2005, 2009, 2013, 2015), which provides a self-consistent
description of the internal structure and chemical stratification
by following the complete evolutionary history of LM He-core
WDs from the ZAMS. The models of LM WDs we employ in
this work include both thick (canonical) and thin H envelopes
(see Althaus et al. 2013; Calcaferro et al. 2018b, for details about
input physics and evolutionary calculations). Adiabatic pulsation
periods for non-radial dipole (¢ = 1) and quadrupole (£ = 2) g-
modes were computed employing the adiabatic version of the
LP-PUL pulsation code (see Cdrsico & Althaus 2006, for de-
tails). These periods correspond to the central m = 0 components
of any rotational multiplets.

We determine the stellar mass and H-envelope thickness,
among other relevant quantities, by identifying the model whose
theoretical pulsation periods best reproduce the observed ones
(Cérsico et al. 2019). The quality of the match between the
theoretical periods (HZ) and observed ones (H?) is quantified
through the merit function:

1 n
2 _ : O T\2
(M Ter, My) = ~ Z}mm | - 1y ()

where n is the number of observed periods and k denotes the ra-
dial order of the theoretical pulsation mode. The LM WD model
that yields the minimum value of o2, if it exists, is adopted as the
best-fit model. We calculate 0> = 0>(M,, Ter, My) for the fol-
lowing discrete stellar masses: 0.1554, 0.1612, 0.1650, 0.1706,
0.1762, 0.1805, 0.1869, 0.1921, 0.2025, 0.2390, 0.2707, 0.3205,
0.3624, and 0.4352 M,,. For the H-envelope mass, we consider a
wide range, —5.8 < log(My/M,) < —1.7, depending on the stel-
lar mass; the detailed set of H-envelope thicknesses is described
in Calcaferro et al. (2018b). Along each evolutionary sequence,
the available models cover 13000 > T.¢ = 6000 K. Since T is
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determined by the evolutionary calculations, the local step size
in T.x depends on the sequence and evolutionary stage; around
the adopted solutions, it ranges from 10 to 50 K.

Analogously to Calcaferro et al. (2018b), we start our analy-
sis assuming that all the observed periods correspond to g modes
associated with ¢ = 1, and considering the set of observed peri-
ods of each target star to compute the quality function given by
Eq. (1). Next, we assume that the observed periods correspond
to a mixture of £ = 1 and £ = 2 g modes. Since we usually do
not find suitable solutions when assuming ¢ = 1 alone, we dis-
play here the cases in which a combination of £ = 1 and ¢ = 2
g modes is assumed. In all cases, m = 0 is assumed for the ob-
served modes, which is uncertain for most of these signals where
the complete rotationally split multiplet is not detected (f3 from
TIC 188087204 is an exception). In Figures 2 to 8 we show,
for each ELMV target, the projection of log o on the Teg—M,
plane. Each point in these maps corresponds to the value of the
H-envelope mass that minimizes o for the given (T, My ). The
color scale is chosen such that smaller values of log o denote
better fits, and the displayed ranges in T, have been adjusted to
highlight the region of interest around the atmospheric param-
eters. If a single, well-defined minimum is present for a given
star, we adopt the corresponding model as the asteroseismolog-
ical solution. When multiple possible solutions exist — an ex-
pected behavior given that pulsating LM WDs generally show
only a few independent modes —, we use the available atmo-
spheric information (see Sect. 2) to guide the selection of a rep-
resentative solution and/or to define a range of acceptable mod-
els. In the M, -T.x maps, these atmospheric values are shown as
1o error bars. For the Gaia-based cases, the plotted bars provide
a compact visualization in this plane, although the underlying
constraints on M, and T.q are correlated. The atmospheric pa-
rameters are therefore used only as guidance when evaluating
competing minima. A circle marks the adopted representative
asteroseismological solution, when one can be identified.

Table 7 summarizes the main results of the asteroseismo-
logical analysis of this work, indicating M3, log(My/M,),
and T:fsf‘er°3. It also includes the atmospheric parameters (7
and log g), either spectroscopic or photometric, and the corre-
sponding spectroscopic or photometric masses derived later in
Section 4. Next, we describe the individual asteroseismological
results.

3.1. TIC 290904838 (J1112)

Considering the two independent periods observed for this star
(~ 1885 and 2258 s) and reported in Sect. 2.1, we performed
period-to-period fits assuming that both correspond to a mix-
ture of g modes with £ = 1 and 2, as described above. The re-
sults are displayed in Fig. 2. A narrow region of low o is found
along the 0.1706 M sequence, at a stellar mass very close to
the spectroscopic estimate (M, ~ 0.169 M), but at effective
temperatures around 8920 K, somewhat lower than the spectro-
scopic estimate (T ~ 9240 K). The absolute minimum of the
quality function (i.e. the smallest o) occurs at T = 8922 K,
M, = 0.1706 My, and log(My/M,) = -5.30, corresponding
to a very thin-H envelope, and yields an average period resid-
ual of o ~ 0.03 s. However, consecutive models along the same
(M,., My) sequence in the range T.g ~ 8916 — 8928 K provide
comparably good fits, with o ~ 0.2 s. Typical changes in the

3 These quantities correspond to selected models in our evolutionary
sequences, and the number of quoted digits should not be interpreted as
a formal estimate of their precision.
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Fig. 2: Projection on the T.g versus M, plane of the logarithm
of the average period residual (o) for J1112, assuming that the
observed periods are associated with £ = 1,2. For each M,,
the value shown corresponds to the H-envelope mass that yields
the lowest value of the quality function among the explored se-
quences. The error bars indicate the 10~ atmospheric estimates in
the M, -T.q plane. The circle marks the adopted solution.

theoretical periods between adjacent grid points are of order 0.1-
0.4 s. Residuals much smaller than this, such as oo ~ 0.03 s, are
therefore below the intrinsic resolution of our grid. We there-
fore regard the consecutive models within this small region as
equivalent solutions for our purposes and retain the solution in
the range T.g ~ 8916 — 8928 K, with M, = 0.1706 My and
log(My/M,) = —5.30, as our preferred asteroseismological so-
lution for J1112. This inference must nevertheless be regarded
with caution, as it is based on only two independent observed
periods.

3.2. TIC 156064657

Given the set of periods reported in Sect. 2.2 for this WD (~ 815,
1418, 1491, and 1548 s), we considered two subsets of periods
for our period-to-period fits. Set S1 comprises the three highest-
significance periods, ~ 815, 1418, and 1491 s, which satisfy our
original FAP threshold, while set S2 includes all four, adding the
~ 1548 s signal, which becomes acceptable when we relax the
FAP criterion.

When using only the three periods in S1 and inspecting the
results in our full grid, the absolute minimum of the quality
function occurs at an effective temperature T.g ~ 9300 K, well
below the T4 of the star (~ 10195 K). If we focus on a nar-
rower region of the M, -T.g¢ plane, we find a local minimum near
Teg = 10190 K with M, = 0.3624 My and log(My/M,) =
—3.10 (canonical envelope), yielding an average period resid-
ual of o ~ 1.5 s. However, additional solutions with similar fit
quality are also present, so the corresponding log o map does
not reveal a clearly preferred solution and is therefore not shown
here.

Repeating the procedure with S2 (i.e., including the addi-
tional 1548 s period), yields the results shown in Fig. 3. In this
case, the global minimum of the quality function — i.e., the
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Table 7: Main characteristics of the adopted asteroseismological models for the ELMVs analyzed in this work.

Star Te[K] log(g) MFP*/M Ehm [Mo] M M) log(Mu/My) T °[K]
J1112* 9240  6.170 0.140 0.1706 ~5.30 8922
TIC 156064657 10194  7.295 0.327 0.3624 -3.10 10202
TIC 33717565 10676  7.639  (0.424,0.445)  (0.1706,0.3624) (=5.54,-2.50) (10660, 11200)
TIC 344130696* 10829  7.177 0.300 0.1869 -2.37 10632
TIC 72637474 10214  7.209 0.292 0.2707 -3.67 10126
TIC 188087204 10052 7.583  (0.415,0.423)  (0.3624,0.4352) (=5.79,-3.62) (9729, 9820)

Notes. Column 1 lists the star name. Columns 2 and 3 give the adopted atmospheric parameters, effective temperature and surface gravity, either
spectroscopic (J1112) or Gaia-based (the remaining five stars). Column 4 lists the spectroscopic mass for J1112 and the photometric mass for the
other stars. Column 5 gives the asteroseismological stellar mass obtained from our period-to-period fits, while columns 6 and 7 list, respectively,
the corresponding H-envelope mass and effective temperature of the adopted asteroseismological model. A range of values is provided when only
a range of acceptable solutions was found. * Tentative asteroseismological solution (see text for details).
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Fig. 3: Same as Fig. 2, but for TIC 156064657 considering the
periods from the set S2.

best fit over the entire explored parameter space — is found for
a model very close to the local minimum identified in the S1
case. This model has T = 10202 K, M, = 0.3624 M, and
log(My/M,) = =3.10 (canonical envelope) and is characterized
by o ~ 1.4 s. Although this fit results from the addition of the
~ 1548 s period (obtained after relaxing the FAP criterion), its
inclusion improves the overall period match, and the solution is
better constrained, as it removes alternative solutions present in
the case of S1. We therefore adopt this model as representative
of TIC 156064657.

3.3. TIC 33717565

Similarly to the previous cases, we performed period-to-period
fits for TIC 33717565 using the three periods identified in
Sect. 2.3 (i.e., ~ 365, 527, and 557 s). Over the full grid, the
global minimum of the quality function is found at a relatively
low Teg (~ 9600 K), well below the atmospheric estimate for
the star (T.g ~ 10680 K). In a narrower range, Fig. 4 re-
veals multiple possible solutions. Three models are particularly
noteworthy. The first has T.g = 11200 K, M, = 0.3624 M,
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0.2

10000

10200
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Fig. 4: Same as Fig. 2, but for TIC 33717565.

log(My/M,) = —3.10 (canonical envelope). The second, also
at a relatively high effective temperature, has T.g = 11140 K,
M, = 0.2707 M, log(My/M,) = —5.54 (very thin envelope).
The third has Te¢ = 10658 K, M, = 0.1706 M, log(My/M,) =
—2.50 (thin envelope). All three yield comparable average period
residuals of a few seconds. None reproduces the atmospheric es-
timates for the star particularly well: the third lies closest to the
T.q estimate, whereas the first two provide slightly better pe-
riod fits, but all three are found at substantially lower masses
than the Gaia-based estimate (~ 0.433 My). We therefore do
not identify a uniquely preferred asteroseismological solution
for TIC 33717565. Given this degeneracy, we can only con-
clude that acceptable solutions span stellar masses in the range
0.1706 — 0.3624 M., Tt between 10660 — 11200 K, and a very
poorly constrained H envelope mass between ~ 3 x 10°M, and
3x1073M,.

3.4. TIC 344130696

We performed period-to-period fits for TIC 344130696 employ-
ing the four periods determined in Sect. 2.4 (i.e., ~ 867, 1006,
1019, and 1058 s). Over the full grid, the best period fit is lo-
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Fig. 5: Same as Fig. 2, but for TIC 344130696.

cated at a very low T (~ 9680 K), well below the estimate
for the star (Teg ~ 10830 K). Within the narrower range of Ty,
Fig. 5 reveals the existence of multiple possible solutions. Two
models are of particular interest. The first has Tex = 10246 K,
M, = 04352 Mg, log(My/M,) = -3.21 (canonical enve-
lope), and o ~ 2.7 s, while the second has T = 10632 K,
M, = 0.1869 M, log(My/M,) = -2.37 (canonical enve-
lope), and o ~ 3.0 s. Both provide comparable average period
residuals. The higher-mass model yields the slightly smaller o,
but the lower-mass model lies closer to the effective tempera-
ture and stellar mass estimates of the star. We therefore regard
TIC 344130696 as having only a tentative asteroseismological
solution and retain the lower-mass model as the most plausible
one.

3.5. TIC 72637474

As in the case of TIC 156064657, for TIC 72637474, we per-
formed two separate period-to-period fits based on two different
subsets of the detected periods. Set S1 comprises the five peri-
ods listed in Table 5 which lie above the 0.1% FAP threshold
(~ 468, 779, 814, 901, 967 s; see Sect. 2.5). Set S2 extends S1
by including the additional signal £ at ~ 1065 s, which becomes
acceptable only when the FAP threshold is relaxed to 0.857%.

Using the five periods in S1, we find that the absolute mini-
mum of the quality function over the explored parameter space
is reached at T ~ 12930 K, much hotter than the atmospheric
estimate for the star (T.g ~ 10215 K). Within the narrower in-
terval shown in Fig. 6, some possible solutions with comparable
quality (o ~ 3 s) are visible. Most of them, however, lie at effec-
tive temperatures and masses clearly discrepant with the atmo-
spheric estimates. By contrast, the model with T.g = 10126 K,
M, = 0.2707 M, and log(My/M,) = —3.67 (thin envelope)
lies closest to the atmospheric parameters.

When repeating the analysis with S2 (i.e., including the ad-
ditional ~ 1065 s period), the overall period-fit quality deterio-
rates. We therefore do not show the S2 results here and adopt
the S1 solution with Teg = 10126 K, M, = 0.2707 M,
and log(My/M,) = -3.67 as the representative model for
TIC 72637474.
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Fig. 6: Same as Fig. 2, but for TIC 72637474, considering the
periods from the set S1.

3.6. TIC 188087204

For TIC 188087204, we performed period-to-period fits using
four different subsets of the detected periods, hereafter S1-S4,
each reflecting different assumptions regarding period signifi-
cance and mode identification (see Sect. 2.6). Set S1 comprises
the three periods at ~ 501, 658, and 743 s, corresponding to the
frequencies fy, f3, and fs listed in Table 6, and assumes that f5
provides the m = 0O component of the putative second triplet,
with f¢ excluded. Set S2 instead adopts f; as the m = 0 com-
ponent and comprises the periods at ~ 501, 658, and 747 s (fo,
f3, and f6*). Sets S3 and S4 extend S1 and S2, respectively, by
including the additional sub-threshold candidate fi" at ~ 541 s,
thus yielding S3 with ~ 501, 541, 658, and 743 s, and S4 with
~ 501, 541, 658, and 747 s. By construction, S1 uses only pe-
riods above the nominal FAP threshold, while S2-S4 treat f}
and/or f¢ as plausible, though less secure, modes (Sect. 2.6).
Using the three periods in S1 (~ 501, 658, and 743 s), the
best period fit over the full grid occurs at Teg = 9354 K, well
below the atmospheric estimate for the star (7. ~ 10050 K),
and we therefore discard this solution. Within the narrower re-
gion shown in Fig. 7, however, a viable solution is found at
T = 9820 K, M, = 0.3624 M, and log(My/M,) = —3.62
(thin envelope), with o ~ 0.5 s. This solution is slightly cooler
and somewhat less massive than the Gaia-based estimates.
Repeating the procedure with the S2 set (~ 501, 658, and
747 s), the overall quality of the fits deteriorates. The best pe-
riod fit is found at Teg ~ 7545 K, well below the atmospheric
estimate for this star, and we therefore discard that solution.
Once again, restricting the analyzed region, the best local so-
lution is found at T.x = 9729 K, M, = 0.4352 M, and
log(My/M,) = —4.32 (thin envelope), yielding o ~ 1 s. Al-
though this solution lies closer in mass to the atmospheric esti-
mate than the S1 one, it is cooler and yields a somewhat poorer
period match. Since the S2 subset does not provide a more com-
pelling alternative than the other subsets, we do not display its
results here. The S3 set (~ 501, 541, 658, and 743 s) produces
numerous solutions scattered throughout the parameter space, all
with significantly larger o than those obtained from S1. The ab-
sence of a well-defined minimum and the overall low quality of
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Fig. 7: Same as Fig. 2, but for TIC 188087204 considering the
periods from set S1, which includes only frequencies above the
nominal FAP threshold and adopts fs5 as the m = 0 candidate of
the putative second triplet.

the fits make this configuration uninformative for our purposes,
and we do not display its map either.

The S4 set (~ 501, 541, 658, and 747 s) yields the most rel-
evant alternative to S1. As shown in Fig. 8, the global minimum
of the quality function over the entire explored grid, is found at
Ter = 9729 K, M, = 0.4352 Mo, and log(My/M,) = =5.79
(very-thin envelope), with o ~ 0.9 s. Relative to the S1 solu-
tion, this model is cooler but lies closer in mass to the atmo-
spheric estimate. Also, the strength of its period match — being
the best-fit solution for this set — makes it a relevant solution. A
secondary solution, but with larger residuals (oo ~ 2.1 s), appears
at Ter = 9658 K, M, = 0.2390 My, and log(My/M,) = =5.15
(very-thin envelope).

Overall, we can only conclude that the asteroseismologi-
cal solutions for TIC 188087204 favor stellar masses between
0.3624 — 0.4352 M, with Ter between 9729 — 9820 K, and H-
envelope mass roughly in the range 2x107°-2x107*M,,. Among
the considered sets, S1 provides the best compromise between
period-fit quality and mode identification. Nonetheless, because
an acceptable solution also arises from S4, we adopt the above
intervals as our conservative asteroseismological inference for
this star.

4. Spectroscopic/photometric masses

We estimated the spectroscopic/photometric stellar masses of
our ELMV sample by interpolating their atmospheric parame-
ters (Teg, log g) on the evolutionary sequences of Althaus et al.
(2013) and Calcaferro et al. (2018b) in the log g — log T plane
(the “Kiel diagram”). For J1112, these parameters are spectro-
scopic (Hermes et al. 2013b, corrected for 3D effects following
Tremblay et al. 2015), whereas for the remaining five stars, they
are Gaia—based values (Gentile Fusillo et al. 2021). As discussed
above, the stellar mass of an LM WD depends on the envelope
thickness —thinner envelopes imply higher surface gravities at
fixed mass (Calcaferro et al. 2018a; Althaus et al. 2025). To ac-
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Fig. 8: Same as Fig. 7, but for the periods from set S4, which
includes the additional sub-threshold candidate f;" and adopts f;
instead of f5 as the m = 0 candidate of the putative second triplet.

count for this effect, we employed the two-track families cited
above, thus spanning from canonical to very thin H envelopes.

As shown in Sect. 3 and summarized in Table 7, the pre-
ferred asteroseismological solutions for the stars in our sample
span a broad range of H-envelope thicknesses. J1112 is best
reproduced, albeit tentatively, by models with very thin H en-
velopes; TIC 72637474 is consistent with thin H envelopes;
TIC 33717565 allows solutions from canonical to very thin en-
velopes; TIC 188087204 is best reproduced by models rang-
ing from thin to very thin envelopes; and the remaining two
stars (TIC 156064657 and TIC 344130696) are consistent with
canonical envelopes. Guided by the envelope-thickness regimes
suggested by the asteroseismological fits, we computed for
each star its spectroscopic/photometric mass by interpolating on
the corresponding evolutionary tracks. For TIC 33717565 and
TIC 188087204, for which more than one envelope-thickness
regime is possible, we evaluated the consistent cases and re-
port the interval spanned by the two values. In cases where the
asteroseismological solution is tentative, the resulting spectro-
scopic/photometric mass should be interpreted accordingly.

The positions of our target stars in the Kiel diagram are
shown in Figure 9, together with the evolutionary sequences
employed (solid and dashed lines; Althaus et al. 2013; Calca-
ferro et al. 2018b, respectively). For clarity, we only display
evolutionary tracks corresponding to the canonical and very
thin H-envelope limits of our model grid; intermediate envelope
masses —although relevant for some of our asteroseismological
solutions— are not shown in order to avoid overcrowding the
figure. We also included two evolutionary sequences with 0.130
and 0.140 M, and very thin H envelopes, extracted from Cal-
caferro et al. (2018a), to cover the domain of low surface gravi-
ties of our grid. The resulting spectroscopic/photometric masses,
M/ MP™, are listed in the fourth column of Table 7.

Both the spectroscopic and photometric masses inherit un-
certainties from the adopted atmospheric parameters. A detailed
analysis of the spectroscopic masses will be addressed in a sub-
sequent paper (see e.g., Calcaferro et al. 2024a, and references
therein, for a recent discussion of the uncertainties affecting
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Fig. 9: Kiel diagram for the six ELMVs (red crosses) analyzed in
this work. Evolutionary tracks for canonical (solid; Althaus et al.
2013) and very thin (dashed; Calcaferro et al. 2018b) H-envelope
masses are included, as well as two artificial evolutionary se-
quences (with 0.130 and 0.140 M,,) with very thin H-envelopes.
Also displayed are other ELMYV targets (black dots). All masses
are given in units of M.

mass estimates in pulsating DA WDs). For the five stars with
Gaia-based parameters, the photometric masses include an addi-
tional layer of model dependence that is specific to this work.
Their (T, logg) values are taken from Gentile Fusillo et al.
(2021), who fit Gaia photometry and parallaxes with model at-
mospheres combined with the canonical LM He-core WD se-

quences of Serenelli et al. (2001). For our Mﬂhm estimates, we
instead interpolate these same parameters on the canonical grids
of Althaus et al. (2013) and on their thin-envelope extensions
(Calcaferro et al. 2018b). As a rough estimate of the associ-
ated systematics, we find that the choice of canonical He-core
grid changes Myno by only ~ 0.006 My, while adopting very
thin instead of canonical H envelopes can shift Mppo by up to
~ 0.026 M. This latter effect is relevant only for TIC 33717565
and TIC 188087204, the two stars for which our asteroseismol-
ogy already yields a range of acceptable solutions rather than a
single mass value, and, to a lesser extent, TIC 72637474, since it
fits a thin-H envelope model. Nonetheless, a more homogeneous
and self-consistent set of photometric masses, computed by fit-
ting multi-band photometry and parallax with our full grid of
He-core evolutionary models (including thin-H envelopes when
required), will be presented in a forthcoming paper.

5. Summary and conclusions

In this work, we presented the first homogeneous TESS-based
and detailed asteroseismological study of a sample of six pul-
sating LM He-core WDs. For J1112, we analyzed TESS data
for the first time, and detected two periods that confirm two of
the longest-period modes previously reported with ground ob-
servations (Hermes et al. 2013b). For the remaining stars, we
provide new or updated frequency solutions with respect to pre-
vious studies. In particular, for TIC 188087204, we confirm a
previously reported triplet and uncover evidence for a second,
incomplete multiplet with consistent rotational splitting.

We performed detailed period-to-period fits using our fully
evolutionary models and the observed periods for each star.
These fits yield well-constrained asteroseismological solutions
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for three stars, a representative but more tentative solution for a
fourth target, and constrained ranges for the remaining two. Our
results suggest that the inferred H-envelope masses span a broad
range (from canonical to very thin), covering the range of enve-
lope structures explored by available evolutionary calculations
(Althaus et al. 2013, 2025; Calcaferro et al. 2018a). Using the
atmospheric parameters available for each star, we derived spec-
troscopic/photometric mass estimates by interpolating on evo-
lutionary tracks consistent with the envelope thickness regime
suggested by asteroseismology. In most cases, the resulting stel-
lar masses are broadly compatible with the corresponding aster-
oseismological values. The main exceptions are TIC 33717565,
for which the photometric masses remain higher than the astero-
seismological estimates over the limiting envelope cases consid-
ered, and TIC 344130696, whose asteroseismological solution
remains more tentative. Finally, we note that unresolved com-
panions may affect Gaia-based photometric parameters and de-
rived photometric masses. Although we find broad agreement
between photometric and asteroseismological masses for most
targets, spectroscopic follow-up will be valuable to assess this
possibility on a star-by-star basis.

Despite this general level of agreement among the different
estimates of the stellar mass, it should be kept in mind that the
present asteroseismological inferences remain subject to impor-
tant limitations. While the WD models employed in this analy-
sis are among the most detailed and comprehensive available —
particularly regarding stellar mass, effective temperature, and H-
envelope thickness— the asteroseismological fits for several tar-
gets remain poorly constrained due to the limited number of de-
tected periods and the lack of secure mode identification. In ad-
dition, the model comparison assumes that the observed modes
are the central m = 0 components of rotational multiplets, al-
though this is uncertain for most of these signals where we only
detect one component of the expected multiplet structure. This
may be a significant source of systematic error, as the study of
TESS observations of the ELMYV pulsator GD 278 demonstrated
that rotational splittings can exceed the spacing between adja-
cent radial overtones (Lopez et al. 2021). These caveats are par-
ticularly relevant when interpreting the apparent diversity in H-
envelope thicknesses across the sample. Thus, the inferred H-
envelope masses are in some cases better regarded as indicative
values than as unique determinations. In particular, for J1112,
where only two independent periods are currently available, the
preferred very-thin-envelope solution should be considered pro-
visional, and we refrain from drawing firm conclusions about the
formation channel or possible flash history of this star on that ba-
sis alone. Additional independent modes and/or complementary
constraints will be required to assess the robustness of this result.

Finally, we compare our results with previous asteroseismo-
logical studies. For J1112, using the same fully evolutionary
models adopted here, Calcaferro et al. (2018b) derived a rep-
resentative model with M, = 0.1612 M, from the five longest
periods reported by Hermes et al. (2013b), whereas we obtain
M, = 0.1706 M, from the two modes confirmed with TESS.
This modest discrepancy is likely due to the different set of fit-
ted periods. For the remaining stars, our preferred solutions dif-
fer substantially from those reported by Romero et al. (2022),
who modeled all targets as ZZ Ceti stars (i.e., pulsating DA WDs
with CO cores), and thus employed CO—core evolutionary mod-
els. This naturally leads to higher inferred stellar masses: 0.493,
0.632, and 0.542 M, for TIC 156064657, TIC 344130696, and
TIC 72637474, respectively, compared with our 0.3624, 0.1869,
and 0.2707 Mg; and 0.609 and 0.493 M, for TIC 33717565 and
TIC 188087204, compared with our ranges of 0.1706-0.3624
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and 0.3624-0.4352 M,,. These discrepancies, particularly for the
least massive cases, are therefore not unexpected and reflect the
different evolutionary framework. In addition, our updated fre-
quency solutions imply revised fitted period sets, which may also
lead to a different preferred asteroseismological model.

The analysis presented here represents a first step towards a
systematic asteroseismological characterization of pulsating LM
WDs with TESS data. In this work, we have focused on a subset
of ELMVs for which TESS already reveals relatively clean fre-
quency spectra and for which basic atmospheric parameters are
available, making them particularly suitable for a first homoge-
neous analysis. Extending the same methodology to the remain-
ing ELMV candidates observed by TESS, many of which are
expected to show more complex or lower-S/N pulsation spec-
tra, will require a dedicated analysis of their light curves and
frequency content and is beyond the scope of this first study.
Future space-based photometric missions are also expected to
expand the sample of candidates and, in many cases, provide
richer mode sets that enable more robust mode identification and
stronger constraints on theoretical models (e.g., Uzundag et al.
2025).
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Appendix A: Lists of selected objects

Here we provide basic information about the objects analyzed in
this paper.

8 s}

—
= Fv—<v—4v—4v—<v—4
8 ~ AN AN AN
SR (S S S S S o
& MECECRCECRG
o/ ja
*’_‘OA
SsSiE

log(g)
[cgs]
€3]

G Ter
(mag) (K]
(e) ®
217 :45.1 1634 9240+ 140 6.17 +£0.060 0.169 £ 0.025

TIC 156064657 4974784825671467648 00 : 37 :23.75 —48:21:559 16.57 10194 + 132 7.295 +0.034 0.320 + 0.010
12:15.8 16.83 10052 +218 7.583 +£0.055 0.412 +0.019

DEC
(deg)
(d)

:12:15.80 +11

RA
(deg)
(c)

GAIAID
(b)

3963587822967516032 11

TIC 72637474  5020319141229055360 02 : 08 : 07.86 —29 :31:38.8 15.90 10214 + 113 7.209 +0.025 0.297 + 0.006

TIC 188087204 5470271185153118208 10:46:27.80 —25:
References. H13: Hermes et al. (2013b); T15: Tremblay et al. (2015); GF21: Gentile Fusillo et al. (2021).

TIC 33717565 4627855367706529152 04 :05:36.39 -76:28:28.1 16.50 10676 + 173 7.639 +0.031 0.433 +0.010
TIC 344130696 6365271657299575680 18 : 37 : 08.30 —76:59:05.9 1539 10829 + 116 7.177 +0.018 0.293 + 0.004

J1112

columns (c) and (d) show the equatorial coordinates. Column (e) displays the DR3 Gaia apparent magnitude. Columns (f), (g), and (h) list the
Star
(a)

Table A.1: Main properties of the sample of ELMVs analyzed in this work. Column (a) is the star’s name, column (b) indicates its Gaia DR3 ID,
effective temperature, gravity, and stellar mass (spectroscopic for J1112, Gaia-based for the rest), respectively, while column (i) is the reference.

Appendix B: Methodology for re-computing FAP for
sub-threshold peaks

When a candidate peak falls below the nominal 0.1% detection
threshold, we reassess its significance by computing a new false-
alarm probability (FAP) using the analytic model of Baran &
Koen (2021). Their Eq. (5) gives the percentile u,, of the median-
standardized amplitude-spectrum maximum U as a function of
the number of data points N and FAP p. In practice, we mea-
sure u, for a candidate by normalizing the peak amplitude to
the spectrum’s local/median noise level (consistent with our pe-
riodogram workflow), and then infer p by inverting Eq. (5). This
inversion is closed-form (a Gumbel-distribution), so evaluation
is straightforward once u, and N are specified.

Inputs. (1) Cadence-informed N. Following Baran & Koen
(2021), we adopt the per-sector data-point counts N = 116,640
for 20 s (ultra-short) cadence and N = 19,440 for 120 s (short)
cadence.

(2) Search bandwidth. If the test is confined to a subrange of the
spectrum (e.g., a white-dwarf g-mode band), we replace N by an
effective No.g = f N, where f is the tested frequency range as a
fraction of (0, vnyq]. This aligns the calculation with the actual
number of independent frequencies being interrogated.

(3) Measured u,. For each candidate, we compute the percentile-
like height u,, from the median standardized amplitude spectrum
of the (residual) time series used to test that peak.

Computation. With u, and N (or Neg) in hand, we invert Eq. (5)
of Baran & Koen (2021) to obtain

— 2
P = l—exd—exdw»'

We report this p as the recalculated FAP for that candidate.
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